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   Geographical analysis of the density of houses, that is, a ratio of houses or 
other buildings to a space of measurement is the most  fundamental in the study of 
city  morphology and structure. It is also important to indicate the density of 
houses as a basic data in city planning. However, there have been rather few 
researches concerning this, for the research requires too much time and labor by 
the preexisting methods. The first aim of this paper is to improve the method and 
find an easier way of measuring the density of houses. 
   It is needless to say that the density of houses is not uniform in a city, which is 
clear in daily life. In a civic center where tall buildings are, people find smaller 
space in contrast with the area that large buildings occupy. On the contrary, 
parks and gardens which are often seen in the civic center make people feel more 
spacious because there are not so many tall  buildings. we find a high density 
district in the central shopping street and amusement center. In a residential 
district a low density is usually observed, however, even in such a  district the 
density is various in accordance with the difference of new and old housing sites, 
or high-class and low-class residences. 
   In industrial disticts the density tends to differenciate into two extremes— 
low and high—, one is of large enterprises and the other of very small enterprises. 
   Analysis of such pattern of the density of houses in a city in relation to the 
differentiation of land use—regional differentiation in a city—is the second aim 
of this paper. 
   In Japan, the Building Standard Act is in actual enforcement since 1950. In 
cities, the space of a house or a building in relation to the building site is restricted 
to a certain measure by the Act. This restriction is imposed in the following orders 
to prevent the reckless or disorderly land use in cities. Urban areas are divided into 
four  zones, e.g. residential, commercial, semi-factory and factory zones. In each of 
these zones the building coverage ratio—maximum floor space to a site, is set in four 
different ways. A house or a building must be constructed within the imposed ratio. 
   In addition, to protect houses or buildings from fire damage, structure of 
houses or buildings are appointed in certain zones. These are called a fire defence 
zone or a semi-fire defence zone. Building or houses in these zones are to be either 
fire-proof construction or semi-fire-proof construction. And the building coverage 
ratios, in these zones, therefore, are increased to some extent under the provision
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of the zoning regulation. For example, in the commercial zone, the building 
coverage ratio is 70%, in the district appointed as semi-fire-defence zone, the ratio 
is increased up to 80%. In case the district is appointed as  fire-defence zone, the 
ratio is to increase 100%. 
    The  third aim of this paper is to explain the relationship between the actual 
house density and the building coverage ratios set by the city planning. The 
latters were decided without detailed survey or scientific data for the house 
density. Therefore, there are some areas in  which the actual density is over the 
ratio really set though the density is less than the ratio in general. There is a 
great difference between the density and the ratio  in certain areas, while there is 
little difference in other areas. 
I How to measure the house densities 
    To measure the precise density of houses, large scale maps or aerial photos are 
needed. Fortunately in Japan, the City Planning Act requires each city to make 
large scale maps (scale  1:3,000 or 1:2,500). Since these maps are made based upon 
aerial  photos, most of facilities on the ground are observed, therefore the maps 
are quite useful in doing research of the house densities. The author also used these 
maps in his survey of Yamagata city, where two large scale maps were made, the 
one was done in 1954 and the other in 1967. The author used the 1967 edition 
(scale 1:2,500) in this paper. 
   In measuring the density of houses in Japan, the methods that geographers 
have done are; (1) to measure building spaces on a map and apply it to an appro-
priate land space unit to find the ratio between them, (2) to count the number of 
the houses or buildings in an appropriate land space on a map. The latter method 
is much more expedient han the former and takes less time. However, since 
the building spaces are not equal in any case, the result obtained from the latter 
method is rather inaccurate. Therefore in this paper, the author used the former 
method. In applying the method, there are several ways of measuring the building 
space on the map. They are; (1) since most of buildings are of rectangular form 
on the map, the space can be calculated in multiplying the length by the breadth, 
(2) to place a tracing section paper on the map where buildings are shown and 
count how many sections are covered by the buildings, (3) to cut the housed parts 
out of the map and weigh them to measure the density by comparing the weight of 
the other parts of the map, (4) to paint the housed parts or the other parts black 
and measure their brightness with a photometer to make out the housed spaces, 
and (5) to measure the house density on the map with the  "Measuring Apparatus of 
Photo-density". The methods hown (1) to (3) require much labor and time, and
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they are insufficient in accuracy. As to the method  (4), a large scale map is often 
of blue print and the brightness of the print is not equal, e.g. the brightness varies 
from spot to spot even on a sheet of print, therefore this may result an inacurate 
measurement. In the case of (5) method, the apparatus is too expensive. More 
over, the planimeter is not good for measuring each house or building shown on 
scale 1:2,500 or 1:3,000 maps. 
   In this paper, the author used the following method to measure the density 
of houses. First, he painted the housing part of the map red to make the 
comparison easy with other parts and covered the painted part with a 2 mm. 
tracing section paper and then counted the number of the section over the painted 
part and put the number in every 3 cm. square space unit. Next, the author 
measured, in the same way, other parts of the map where rivers, roads and railroads 
are shown. The density of houses in the 3 cm. square basic space unit is measured 
on the following formula: 
   H.D. = D/{225 —  (a+b+c)} x 100 
 (H.D.: density ofhouses, D a,b and  c: number ofthe section over the houses, 
rivers, roads and railroad respectively, 225: number ofall the sections of the 2 mm. 
section paper in 3 cm. square space unit) 
   By this method, land spacecan be transformed to the number ofdots and it 
takes less time and it is comparatively accurate. In this way the author measured 
the density of houses inYamagata city as shown i  fig. 2, which contains 5,104 
square space units and the number ofthe 2 mm. section is 1,148,400. 
   Since the setting of the 3 cm. square basic space unit was on the author's 
individual choice, the density thus obtained will differ if the setting was moved. 
To remove this effect, he author applied the method that Dr. M. Hoyanagi had 
tried. That is to say, the basic sections are A.B.C.D and the densities of houses 
are shown as  a.b.c.d respectively. And their mean value,  (a+b+c-I-d)/4 shows 
the density of the houses inthe space indicated with dotted line square in fig. 1.
 A-a
 C-c
 B•b 
••...
••
 I•d
Fig.  1 Method of getting the mean value of  house density
  
  
. 
.
 
;.
..
•
n
lit
 P
.'
t
 :
1
.-
.
.u
. 
.-
.
7
:.
  
N
.%
 
  
 P
3
Z
.V
 
'
~
.-
S
~
: 
  
  :_
~
. 
'~
•
:.
•
 
•
 
' ::
::
::
 
7
7
.:
.:
lil
t 
•
 
  
  
 •
 •
 
3
1
E
1
 .
•
  
•  :
•
:.
 
J•
.•
.•
 
T
.'
.
•
:•
:.
#
:-
.-
- 
..
..
 
..
: 
 
. ..
.,
  
:-
 
..
._
__
_
 •
-:
 
 -:
1
 •
i4
-
 
-   
  
  
  
  
  
  
  
 
•
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
•
_u
 
.,
} '.
• ..
.'
f
~
f.
 :
t.
,•
•
1
7
1
 •
•
 
!7
i.
  
  
- 
-
 
a
h
 
. 
: 
-
1
4
: 
c-
f!
 
n
 
ft
:.
  
LI
 
.:
: •
 le
l: . .:
 
. 
.
0 9
 
1
,k
m
 
Fi
g
. 
2
 
D
e
n
si
ty
 
o
f 
h
o
u
se
s 
in
 
Y
a
m
a
g
a
ta
 
ci
ty
, 
1
9
6
7
Li
 I-
 
©
'  
 .
r
A
s 
to
 t
h
e
 s
it
e
 o
f 
Y
a
m
a
g
a
ta
 s
ta
ti
o
n
, P
re
fe
ct
u
ra
l o
ff
ic
e
, M
u
n
ic
ip
a
l o
ff
ic
e
 e
tc
.,
 s
e
e
 th
e
 
T
o
h
o
ku
 U
n
iv
.,
 7
th
 s
e
t 
(G
e
o
g
ra
p
h
y
),
 V
o
l.
 
1
8
, p
. 
1
1
3
.
S
ci
e
n
ce
  
  
  
  
  
 
'1
0
 
 
8
1
-
m
  
7
1
-8
0
 
 
I-
1
  
6
1
-7
0
 
 
4
1
-G
0
 
 
- .
  
 
2
1
-4
0
 
 1
-2
0
 
 
I 
0
R
e
p
ts
. 
o
f 
th
e
C
 
Y
 
9
           Geographical Analysis of the Density of Houses in Yamagata City 75 
II Density of houses and the land use 
   Fig. 2 shows the house density in Yamagata city made by the above mentioned 
method. The built-up area extended behind the northern and the southern parts 
of the figure, however, these parts are omitted in this paper. In the center of the 
city, the density is the highest and it is gradually lower towards the outskirts of 
the city as is clearly shown on the figure. 
 Yamagata city is mainly situated on the alluvial fan sloped westwards, which 
was built by the Mamigasaki river. Seemingly there was no morphological 
element hat disturbed the development of the city. The city is the site of the 
prefectural office and is the administrative, ducational, economical, and cultural 
center of Yamagata prefecture. The population of the city is 194,000 (1965). 
   The city was founded in the feudal age. The town was planned in front of the 
castle and the town has been extended outwards. The highest house density is 
seen along  Nanuka-machi street, which was already a central shopping center 
since the feudal days. The density is also high in the shopping streets located in 
front of the  Yamagata station. This area was developed after the construction of 
railroad in 1937. The same degree of density is also observed at the shopping 
street in front of the Kita-yamagata station and  Tokamachi street. 
   If the built-up area is divided into two parts, easternand western, bordering 
Nanuka-machi street which runs across the city from the north to the south, the 
asymmetry of the distribution of the house density is clearly observed, namely 
the densities  in the eastern parts up to the foot of mountain are 41-60%, while 
in the western parts the lower densities of  1-20 or 21-40% are spread in wider 
areas. Since the whole built-up areas  ale located on the alluvial fan sloped towards 
the west, the western part belongs to the end of the alluvial fan. Therefore, the 
land is wet and is unfavorable for residence. The residential areas have been 
more developed to the eastern part of the city, where it is rather elevated and dry. 
In addition to this situation, the establishment of the railroad in 1937 hindered the 
development of the built-up area toward the west. 
   In Yamagata city, precise land use map has not been completed yet, therefore 
the author can not discuss in detail on the relation between house density and the 
land use. However, in 1964, the city set the present zoning system in the  built 
up area to promote the city planning. The zoning, of course, does not show the 
actual land use but shows a standard for prohibiting disorderly development of 
the built-up areas and an unplanned land use. But the zoning system in some 
measure was set on the basis of generalizing the actual land use, therefore, it is 
considered that the zoning map on the whole agrees with the actual land use. In 
this paper, the author examines the relation between the zoning and the  distribu-
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Fig. 3 Zoning in  Yamagata  city, 
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tion of the house density. 
   The land usepattern in Yamagata city shows that the commercial district is 
located in the central part of the city and the residential areas around it, and 
factory and semi-factory districts are located around the northern part of the 
commercial district and on the periphery of the built-up area. Such land use 
pattern is common in Japanese cities with the population of 100,000 to 200,000. 
Radial  extention of commercial district into the residential areas reflects the 
existence of the peripheral shopping streets. 
   The land use and the house density is closely related. For example, in most 
of the commercial districts, the house density is  61% and more, and the highest 
density of  81%  and more is exclusively in the commercial district. The exceptional 
area of 41-60% density in the commercial district is the area in which there are an 
elementary, a junior and a senior high schools. On the other hand, the densities in 
the peripheral shopping streets in residential districts are 41-60%, far lower than in 
the central shopping street, the percentage is equivalent o that in the residential 
districts. The density in the residential district is less than 60% with some 
exceptional areas. The areas of 41-60% located in the eastern part of the city 
was originally developed as a residential area after World War II, and now the
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area has been well developed. These values seem representative of well developed 
residential districts of middle size cities like  Yamagata city. However, a slightly 
higher density is seen within the residential districts where rather low density is 
widely spread. Such are smaller shopping streets cattered in residential districts. 
An isolated low density area seen in the south-eastern part of the city is an old 
village or hamlet. Its density is about 15%. This is a general value as the 
density in a village. On the other hand, an area with very high density is observed 
in the residential district in the northern part of the figure,  in some part of which 
the values exceed  71%. Here are crowded small scale metal working factories, 
and also many miserable houses of the workers of  these factories. This district 
is often regarded as a slum. 
   The house density in the factory and semi-factory zones hows various aspects; 
high density (61-80%) in the northern part of the city and near Yamagata 
station, and low density (21-40%) in other parts. Among the semi-factory zone 
located in the western part of the city the value is more than  81%. This is because 
there are large factory buildings there, and one factory occupies almost one space 
unit. Then it has a very high density. On the other hand, the density appears 
very low right next to it. So, it is necessary to devise some measure to remove the 
unnaturalness. 
III The house density and the regulation of building coverage ratio 
   The author has explained that the appointed zoning system contains the 
regulation of building coverage ratio and that in the semi-fire and fire defence 
district, the ratio is higher. The building coverage ratios in the appointed zone and 
in the semi-fire and fire defence districts are in the table. 
      Table I Building Coverage Ratio (%) (after the Building Standard Act, 1950)
Zone
Residential Z. 
         Semi-fire Defence District
Semi-factory Z. 
          Semi-fire Defence District
Factory Z.
Semi-fire Defence District
Building Coverage 
    Ratio  (96)
 60  (A-30)  /A 
    60
60 (A-30) /A 
    60
60  (A-30)  /A 
    60
Commercial Z. 
         Semi-fire Defence District 
         Fire Defence District
I
70 
80 
100
A: space of site,  M3
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             Fig. 4 Building coverage ratio (%)  in Yamagata  city, 1964
                     A Space ofsite, m2 
   The building coverage ratio is equivalent to the house density, for it is a 
maximum floor space to the site. The appointed districts of the building coverage 
ratio in Yamagata city is shown in fig. 4. Because the numbers are the maximum 
floor space, no houses are constructed xceeding the number. In the civic center, 
where the ratio is 100%, building of floor space as large as the size of site can be 
constructed. This district is the commercial zone as well as the fire defence 
district. However, despite the 100% area, the actual house density is lower 
(less than 60% and partly less than 40%). Though this district is appointed as 
the commercial zone by zoning system, it is government and public office area in 
reality consisting ofthe prefectural nd the municipal offices, the courthouse, the 
tax office, the police station, the museum and agencies of the central and local 
governments. These buildings are not closely constructed but widely and 
spaciously made in the broad sites. The density, therefore, is lower than in 
periphery. The sites of these buildings belong to the prefecture, the city or the 
central government. The land use in such a case is often spacious, which is 
common to all city planning in this country. A very low density is often seen in 
the civic center. There are such cases in the use of public land for the above-
mentioned buildings.
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Fig. 5 Difference between the house density and the building coverage ratio 
      (building coverage ratio—house density)  1: old castle 2: park
   There is another district where the building coverage ratio is 100% in front 
of the Yamagata station, this is a newly developed shopping center, however, the 
actual house density is about 80%. Most of the commercial districts are appointed 
as the semi-fire defence area and here, the building coverage ratio is 80%. There 
are some areas where the house density exceeds this, which are shown in fig. 5. The 
causes of this  are: (1) There is difference of measuring method between the house 
density and building coverage  ratio; as mentioned before, the building coverage 
ratio is decided in reference to the size of site. On the other hand, the  measure-
ment of the density in this paper is carried out by setting the 3 cm. square space
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unit. (2) For the buildings constructed before enforcement of ratio in  1964 
were not restricted by this regulation, some of them exceed the set ratio. This 
tendency isseen in the semi-factory zone in the northern part of the city, where the 
ratio is  60  96. In the central commercial zone where the ratio is 80  96, the house 
density is mostly  61-80  96. It is noted that the actual house density is close 
to the maximum set by the regulation. 
   On the other hand, in some commercial district (peripheral shopping streets) 
with the fixed coverage ratio of  74-80  96, the actual house density is about 50  96. 
The difference between the former and the latter is striking. 
   The building coverage ratios of the factory zone and the residential zone are 
limited under the per cent calculated by the formula, 60(A-30)/A (A  : the space 
of site, m2). Even in those zones, there are several areas far exceeding the ratio 
set (see fig. 5). They include the factory and semi-factory zone in the northern 
and southern parts of the city, and the residential reas near the old castle. 
Besides, as is shown in fig. 5, there are several areas in the residential districts 
exceeding the ratio set. This is caused by the building coverage ratio of residential 
zone being imposed in such areas disregarding the reality that they are small 
shopping streets in the residential districts. 
   Building coverage ratio is oneelement of city planning. Therefore, it is 
inevitable that ther is difference, more or less, between the set ratio and the 
actual house density. 
Conclusion 
   Measuring the density of houses in cities is a fundation of the study of city 
morphology and it will offer a basic material for city planning. Though im-
portance of this is full recognized, there is little example carrying out the 
measurement, for it takes plenty of time and there is much inaccurancy involved in 
preexisting methods. The author devised an easier way of measurement and 
applied it in the research ofYamagata city. He found, based on his analysis, that 
the distribution of the density of houses i  closely related to the city's historical 
development aswell as the pattern of land use.  And he printed out difference 
between the building coverage ratio in city planning and the actual density of 
houses. The research of the changes of the distribution of the density of houses 
in a city will be another theme to be done. 
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